




? NASA TM-86577 
f- 
ATMOSPHERIC E T E N T  FOR SPACE SHUTTLE 
(STS-5%) LAUNCH 
B y  G .  L .  J a s p e r ,  D .  L .  J o h n s o n ,  M. A l e x a n d e r ,  
G .  H .  Fichtl ,  and G .  W .  B a t t s  
S y s t e m s  Dynamics Laboratory 
December 1986 
177) ITUO5PRERZC E B V I B O I F l E N T  PCB N87-18550 





National Aeronautics and 
Space Administration 
George C. Marshall Space Flight Center 
MSFC - Form 3 1 9 0  (Rev. May 1983)  
https://ntrs.nasa.gov/search.jsp?R=19870009517 2020-03-20T11:33:06+00:00Z
- 
I .  REPORT NO. 2. GOVERNMNT ACCESSION NO. 
NASA TM- 86577 
-. 
1. T I T L E  AND SUBTITLE 
3. RECIPIENT'S CATALOG NO. 
5 .  REPORT DATE 
Atmospheric Environment for Space Shuttle (STS- 5lL) 
Launch 
Marshall Space Flight-Center ,- Alabama 35812 
December 1986 
6. PERFORMING ORGANIZATIOM CCOE 
3 TYPE OF REPOR-i & PERIOD COVERED 
, 1.  AUTHOR(S) G .  L.  Jasper, D.  L. Johnson, M Alexander, 
Gr, H. F-tl. and G .  W. Batts* 
3 .  PERFORMING ORGANIZATION NAME AND ADDRESS 
George C .  Marshall Space Flight Center 
.-. 
2. SFONSORING AGENCY NAME AND ADDRESS 
8 .  PERFORMING ORGANIZATION REPOR r it 
10. WORK UNIT NO. 
1 1 .  CONTRACT OR GRANT NO. 
National Aeronautics and Space Administration 
Washington, D .C . 20546 
Technical Memorandum 
SPONSORING AGENCY CODE 
I 
15. SUPPLEMENTARY NOTES 
Prepared by Atmospheric Sciences Division, Systems Dynamics Laboratory, Science and 
Engineering Directorate. 
%omDuter Sciences CorDoration, Huntsville, Alabama 
16. ABSTRACT 
This report presents a summary of selected atmospheric conditions observed 
near Space Shuttle STS-51L launch time on January 28, 1986, at Kennedy Space Center 
Florida. Values of ambient pressure, temperature, moisture, ground winds, visual 
observations (cloud), and winds aloft are included. 
Jimsphere measured vertical wind profiles is given in this report. The final atmos- 
pheric tape, which consists of wind and thermodynamic parameters versus altitude, 
for STS-5lL vehicle ascent has been constructed. The STS-51L ascent atmospheric 
data tape has been constructed by Marshall Space Flight Center's Atmospheric 
Sciences Division to provide an internally consistent data set for use in post flight 
performance assessments. 
The sequence of pre-launch 
17. KEY WORDS 




Winds, Winds Aloft, Clouds 
Space Shuttle 
19. SECURITY CLASSIF. (d thh -Part) 20. SECURITY CLA! 
Unclassified Unclassified 
le. DISTRIBUTION STATEMENT 
I 
Unclassified - Unlimited 
IF. (or tu. 21. NO. OF PAGES 22. PRICE 
I 124 I NTIS 
~ F C  - Form 3191 ( k Y  1969) 
For d e  by National Teeweal Information Service. Springfield, Virginia 22161 
ACKNOWLEDGMENTS 
The authors wish to thank the personnel at NASA Kennedy Space Center, along 
witd those at the Cape Canaveral A i r  Force Station and their Pan American World 
Airways contractors, for the acquisition and distribution of all related atmospheric 
data received at MSFC. 
Thanks are due to Deanna Skow of the Atmospheric Effects Branch, MSFC, for 
her help in extracting atmospheric data and satellite cloud photographs that are used 
in this report. 
Sciences Corporation for their assistance in processing all the upper air data used in 
producing the STS-51L final atmospheric data tapes. 
expressed to Rhonda Blocker and Jeff Cornelious of Boeing Computer Support Services 
for the GKA moael and ESDB computer support, respectively. 
Also, special thanks to Bill Jeffries and Joyce Bailey of Computer 
Finally, appreciation is 
V 
TABLE OF CONTENTS 
Rage 
I. INTRODUCTION 1 ........................................................ 
11. SOURCES OF DATA 1 .................................................... 
2 
2 
111. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME .................... 
IV. SURFACE OBSERVATIONS AT LAUNCH TIME ........................... 
4 V. UPPER AIR MEASUREMENTS DURING LAUNCH 3 .......................... 
A. Wind Speed 3 
B . Wind Direct ion.  .................................................... 3 .................................... 4 C . P r e l a u n c h / L a u n c h  Wind Profiles 
D.  Thermodynamic Da ta . .  ............................................. 4 
E. Wind Uncertinty Analys is  .......................................... 5 
........................................................ 
REFERENCES.. . . . . .  .......................................................... 63 
APPENDIX A - FSEC (Florida Solar Energy  C e n t e r )  SOLAR RADIATION ...... 65 
APPENDIX B - SHORTWAVE SOLAR IRRADIANCE (INSOLATION) 
STATISTICS ................................................. 81 
APPENDIX C - PLOTS: WIND SPEED, WIND DIRECTION, WIND 
COMPONENTS WITH PLUS AND M I N U S  THREE SIGMA 
(STANDARD DEVIATION) UNCERTAINTIES ................... 115 
t 






















Surface synoptic chart 4 h r  38 min prior to launch of STS-51L ...... 45 
46 500 m b  map 4 hr 38 rnin prior to launch of STS-51L ................. 
GOES-6 visible imagery of cloud cover 6 min after launch of 
STS-51L (1644 UT,  January 28, 1986). 500-mb contours and 
wind barbs are also included for 1200 UT ............................ 47 
Enlarged view of GOES-6 visible imagery of cloud cover taken 
6 min after launch of STS-51L (1644 U T ,  January 28, 1986). 
Surface temperatures and wind barbs for 1700 U T  are also 
included.. ........................................................... 48 
i 
Wind speed Pad 39B ................................................. 49 
Wind direction Pad 39B .............................................. 49 
STS-51L 1 h r  average temperature as a function of time ............. 50 
STS-51L 1 h r  average wind direction as a function of time ........... 5 1  
STS-51L 1 h r  average wind speed as a function of time .............. 52 
Daily maximum , minimum temperatures and precipitation 
totals (10/11/85 - 1/24/86)  .......................................... 53  
Hourly temperature, relative humidity and 3 h r  precipitation 
totals (1/25/86 . 1/28/86)  ........................................... 54 
STS-51L temperature profiles versus altitude for launch (ascent) .... 55 
Map of John F .  Kennedy Space Center and Cape Canaveral 
Air Force Station.. .................................................. 56 
Scalar wind speed and direction at launch time of STS-51L ........... 57 
58 
t 
STS-51L prelaunch/launch Jimsphere-measured wind speeds (FPS) ... 
ST S - 5 1L prelaunch /launch J i m  sp here - measured wind 
directions (degrees) ................................................. 59 
STS-  51L prelaunch /launch Jimsphere-measured in-plane component 
winds (FPS). Flight azimuth = 85 degrees ........................... 60 
STS- 51L prelaunch /launch Jimsphere-measured out-of-plane 
component winds (FPS). Flight azimuth = 85 degrees ................. 61 
Percent deviation of thermodynamic parameters from PRA63 values ... 62 
TECHNICAL MEMORANDUM 
ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-5lL) LAUNCH 
I. INTRODUCTION 
This report represents an evaluation of the atmospheric environmental data taken 
during the launch of the Space Shuttle/STS-51L vehicle. 
was launched from Pad 39B at Kennedy Space Center (KSC), Florida, on a bearing of 
85 deg east of north on January 28, 1986, at 11:30  a.m. EST (1638 U T ) .  
This Space Shuttle vehicle 
, 
This report presents a summary of the atmospheric environment at launch time 
The general atmospheric situation 
(L+O) of the STS-51L, together with the sequence of prelaunch Jimsphere measured 
winds aloft profiles from L-4.5 h r  through liftoff. 
for the launch and flight area is described, and surface and upper level wind! 
thermodynamic observations near launch time are given. 
unavailable for STS- 51L duty, the SRB descent /impact atmospheric data were not 
taken. 
Since the ship Redstone was 
Previous MSFC-related launch vehicle atmospheric environmental conditions have 
Office memorandums have been issued for previous flights giving 
A report has also been published [ 2 ]  which summarizes 
been published as Appendix A of individual MSFC Saturn Flight Evaluation Working 
Group reports [ 13. 
launch pad wind information. 
most launch atmospheric conditions observed for the past 155 MSFC /ABMA-related 
vehicle launches through SA-208 (Skylab 4) .  Reports summarizing ASTP, STS- 1 
through STS- 51B launch conditions are presented in References 3 through 20,  respec- 
tively. Table 1 gives the atmospheric L+O launch conditions for all Space Shuttle 
missions. 
The Appendices of this document contain Solar Radiation data, Shortwave Solar 
Irradiance (Insolation) data and plots of the Wind Uncertainty Data with plus and minus 
three sigma (standard deviation) limits. 
11. SOURCES OF DATA 
i 
Atmospheric observational data used in this report were taken from synoptic 
maps made by the National Weather Service, plus all available surface observations 
and measurements from around the launch area. This includes the USAF WINDS 
(Weather Information Network Display System) tower data. Upper air observations 
were taken from balloon-released instruments sent aloft from Cape Canaveral Air  
Force Station (CCAFS) . 
upper level wind profiles used in compiling the final ascent atmospheric data tape. 
Data cutoff altitudes are also given in Table 2.  
min MSFC Rawinsonde's 1 2  sec averaged range, elevation and azimuth data, and 
reduced it for each 60 sec vertical displacement; resulting in 1000 ft increment winds 
of finer resolution. 
Table 2 presents a listing of systems used to obtain the 
MSFC used the KSC measured L+9 
111. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME 
High pressure was centered over the Gulf Coast just west of northern Florida 
A weak frontal system, stretched southeastward from during the launch of STS-51L. 
a low over northeastern Montana through the Plain States to another low over eastern 
Nebraska and ended over eastern Arkansas. 
around launch of STS-51L. 
north-northwest to north-westerly . 
4.5 h r  before launch of STS-51L. 
Surface temperatures were in the 30's 
Eastern Florida surface winds were relatively light and 
Figure 1 shows the surface weather map about 
The wind flow aloft was dominated by westerly winds over the KSC Florida area. 
Figure 2 depicts the wind aloft condition about 4.5 hr  before launch. 
clear over the KSC launch area around the launch of STS-51L. 
GOES-6 visible picture taken at 1644 U T  ( 6  min after liftoff). Figure 4 presents an 
up-close visible picture of the Florida peninsula as recorded by GOES-6, taken also 
at 1644 UT. This 
absence of clouds over the launch site area enabled the satellite to photograph the 
STS- 51L exhaust and explosion cloud. 
Skies were 
Figure 3 exhibits the 
Easily visible in the picture is the bank of clouds off shore. 
IV. SURFACE OBSERVATIONS AT LAUNCH TIME 
Surface observations at launch time for selected KSC locations are given in 
Table 3. Included are pad 39B, pad 39A, shuttle runway, and many of the wind 
tower system observations. 
launch time. 
Neither precipitation nor lightning was observed at 
Table 4 presents Pad 39B wind data along with other standard hourly atmos- 
pheric measurements and sky observations for the 6-hr period prior to launch of 
STS-51L. 
reference level and 18 m (60 f t)  pad light pole level. 
wind speed and direction from the 60 ft N W  Pad 39B light pole is presented in Figures 
5 and 6 ,  respectively, for the 11 sec prior to and including L-0. 
Values for wind speed and direction are given for the 84 m (275  f t )  FSS 
A continuous record of the 
Figures 7, 8, and 9 provide a detailed description of the variations in the 
temperature, wind direction and wind speed over the 24-hr time period prior to L-0 
and for various sites in the area of pad 39B. 
temperature difference between the sites varied from three to four degrees depending 
on location of the site with a minimum of about 21°F being observed about 2.5 miles 
to the west of pad 39B. 
above natural grade for site CS3 which is 1250 ft from the center point of vehicle. 
Figures 8 and 9 illustrate for a reference height of approximately 60 ft the variation 
in the wind field during the 24-hr period prior to L-0. The rather significant devia- 
tion of the wind direction at pad 39B in the 4-hr period prior to L-0 from that shown 
by the other nearby sites was due to measurement errors which produced a bias of 
about 60 degrees. 
One will note in Figure 7 that the 
The CS3 site at pad 39B recorded a minimum of 26OF at 16 f t  
L 
2 
Figure 10  shows the maximum and minimum temperatures , the associated Yelative 
humidities, and precipitation totals for the period from October 11, 1985, through 
January 24 ,  1986. Figure 11 gives the hourly temperature, relative humidity, and the 
3-hr precipitation total beginning with January 25 and ending at January 28 ,  1986 
(Day of Launch). The data in Figures 10 and 11 were obtained from the KSC X68 
Shuttle Runway site. 
STS-51L.  A map of John F. Kennedy Space Center and Cape Canaveral Ai r  Force 
Station is given in Figure 13.  
Figure 12 shows the temperature versus altitude for ascent of 
V .  UPPER AIR MEASUREMENTS DURING LAUNCH 
The MSS Rawinsonde (1647 U T )  system was used to measure the upper level 
wind and thermodynamic parameters for STS- 51L launch. This sounding data was 
reduced to a finer scale at MSFC and used as the wind profile most representative 
of L-0 atmospheric conditions. 
the Global Reference Atmosphere (GRA)  [ 211 parameters for January KSC conditions 
were used. 
in Table 5 which lists the wind and thermodynamic parameters versus altitude. 
brief summary of parameters is given in the following paragraphs. 
Since there were no rocket measurements for STS-51L , 
A tabulation of the STS-51L final atmospheric data for ascent is presented 
A 
A .  Wind Speed 
At launch time, wind speeds were 2 0 . 1  ft /sec ( 1 1 . 9  kts) at 60  f t  and increased 
to a maximum of 174 ft/sec (103 kts)  flowing from 264 deg. 
occurred at an altitude of 42 ,000  ft (12 ,802  m ) .  The winds decreased above this 
level as shown in Figure 14. 
( 6 5 , 2 2 7  m )  altitude, was not measured, but derived from the GRA model. The L - 0  
maximum dynamic pressure altitude region wind profile developed essentially as 
expected from the observed trend , based on Radar /Jimsphere measurements during 
the prelaunch wind loads monitoring period , relative to decreasing total wind speed, 
with veering contributing to out of plane increases in wind relative to total vector 
magnitude, and increasing of height for peak wind level. 
within (less than about 70 percent of magnitude) those indicated by previous statistical 
analyses at the 1 percent risk level (Ref .  22 ,  Tables 2 . 4 . 8  and 2 . 4 . 9 ) .  
This measured maximum 
The maximum speed of 185 ft/sec (109  kts) at 214,000 f t  
Wind shears were well 
B .  Wind Direction 
At launch time, the 60-ft wind direction was from north-northwest (334  deg) . 
Winds were from the west to northwest above this level and continued throughout 
74 ,000  ft as shown in Figure 14.  
northeast to east up to the 86 ,700  f t  level. Winds returned to west to northwest 
above this level and continued throughout 108,000 ft. 
the 60 ,000  ft level, all wind calculations were derived from the GRAM model (calculated 
winds based on climatology). 
A t  this level winds shifted to north and shifted from 
It should be noted that above 
3 
C . Prelaunch /Launch Wind Profiles 
1. Wind Speed 
Winds aloft were strong during the countdown of the STS-51L. Polar and sub- 
By 12002 on Saturday, January 2 5 ,  1986, jet-stream magnitude 
tropical jet stream winds between 30 and 50,000 ft altitude extended over and near 
the state of Florida. 
winds >70 knots at 200 mb ('~39,000 f t )  were initially establishing themselves over 
Florida, appearing to be influenced by the subtropical jet at this level. By 12002 
Sunday January 26, with help from the polar jet influence, jet winds >70 knots at 
300 mb (Q 30,000 ft) were established over Florida. 
conditions at 300 mb and higher levels persisted from these listed times up through 
liftoff. However, jet-stream winds peaked around 07002 on Monday, January 27, 1986, , 
with a peak magnitude just less than 240 ftlsec between 30 and 40,000 ft altitude. 
From this point in time onward, the maximum wind speed aloft over KSC decreased as 
the central jet core was slowly moving off into the Atlantic Ocean in conjunction with 
an upper-level trough, which was also slowly moving eastward beyond KSC and its 
influence over the southeastern U . S .  was lessening. 
jet-stream winds between 30 and 50,000 ft.  The magnitude of the jet-stream winds 
decreased from the L-15 hr  to the L-3 .75  hr  Jimsphere balloon measurement; from 
$225 ft/sec to $200 f t /sec,  respectively. By liftoff, winds between 40 and 50 ,000  ft 
had decreased to a peak of 174 ftlsec (at 42,000 f t ) .  
These converging jet-stream wind 
Figure 15 indicates the levels of 
2. Wind Direction 
Throughout the countdown period, as the upper-level trough was slowly moving 
through the eastern U .S., wind directions aloft over KSC and central Florida were 
generally westerly. Between the surface and ' ~ 2 5 , 0 0 0  ft winds were from the north- 
west and shifted westerly with altitude. Above 30 ,000  ft to beyond 60 ,000  f t ,  the 
winds generally shifted to a westerly component being just south of due west (270  deg). 
Since wind direction versus altitude did not change much during the countdown 
period, Figure 16 gives wind directional plots, for comparison, in time. 
Figures 17 and 18  present the in-plane and out-of-plane Jimsphere measured wind 
components for L-4 .5  hr, L-3 .25  h r ,  and L+3.5 hr .  
sonde profile. 
winds along with out-of-plane winds from the left, at most altitudes and times. 
ponent magnitudes were generally greater than the January mean component , with 
both components well within the 99th percentile. The wind flow produced a pre- 
dominantly east-west (inplane) wind component for the STS- 51L flight in the maximum 
dynamic pressure region reaching about 170 ft/sec from the west at 42,000 ft altitude. 
The north-south (out-of-plane) wind component of about 50 ft/sec from the north at 
approximately 33,000 ft reversed to a southerly component during the next 5000 ft 
and then remained near 20 ft/sec from the south to about 50 ,000  ft .  
shear layer ( 0 . 0 1 2  sec-1) occurred in the 35,000 f t  (about 6 1  sec flight time) altitude 
region. 
The L+9 min profile is a rawin- 




D.  Thermodynamic Data 
The cold air mass which had moved into central and southern Florida produced 
higher than average pressure ( + 0 . 9  percent) and density ( + 9 . 4  percent) values, and 
a lower (- 7 . 0  percent), or colder, than average temperature value at the surface as 
shown in Figure 19. Values are expressed as a percentage of change from the Patrick 
4 
4 
Reference Atmosphere 1963 (PRA-63) [ 231 . 
- 7.9 percent, occurred between 1000 and 2000 f t  altitude. 
deviations decreased to - 2.3 percent at 10,000 f t  and then increased to -5.3 percent 
by 32,000 f t .  
value by 40,300 ft . 
this level up through 70,000 f t ,  with the maximum positive deviation of +2.2 percent 
occurring at 45,000 ft .  Pressure deviations became negative at 3000 f t  altitude and 
remained so with increasing altitude, peaking negatively at 39,800 ft with a value of 
-5.1 percent. Density decreased to close to nominal PRA-63 values by 9000 ft , until 
becoming lower than the PRA-63 at 34,400 f t  and higher altitudes with peak negative 
density deviation of - 6.8 percent at 45,000 ft . 
The most negative temperature deviation, 
Negative temperature 
Temperatures then increased with altitude becoming equal to the PRA-63 
Temperature deviations remained greater than the PRA-63 above 
E .  Wind Uncertainty Analysis 
The independent measurement of a wind profile along the ascent trajectory with 
any acceptable accuracy and resolution for STS applications is not possible with 
current technology. For the STS-51L ascent flight the MSS/Rawinsonde using a 
balloon-borne instrument package was utilized by the Air  Force. 
made to estimate the uncertainties of the MSS/Rawinsonde wind profile due to lack of 
high frequency content normally obtained from the Radar /Jimsphere System and the 
normal MSS /Rawinsonde system inaccuracies. 
measure for the wind profile uncertainties plus and minus three sigma (standard devia- 
tion) limits were developed for the STS-51L Final Ascent Atmospheric Data Tape wind 
profile. Graphs for the results of this analysis are given in Appendix C Figure C - 1  
(Total Wind Speed), Figure C-2  (Total Wind Direction) , Figure C-3 (Zonal (U) Wind 
Component), and Figure C-4 (Meridional (V)  Wind Component). 
produced a wide range of uncertainties at the three sigma level in all parameters. 
This was done to permit a liberal error base for comparison with wind profiles esti- 
mated from on board vehicle response data and aerodynamic information relative to 
STS-51L so as not to eliminate any potential characteristic that might warrant further 
analysis. 
An analysis was 
In order to provide a conservative 
The combination used 
The data on uncertainties do not include any adjustments for the fact that the 
MSS /Rawinsonde balloon-borne instrument package was released 9 min after the lift-off 
of STS-51L which resulted in the balloon reaching 48,000 f t  approximately 50 min after 
L-0. From the variability of the wind profiles between the L-3.75 h r  and L+3.5 hr  
Radar/Jimsphere measurements , it is estimated that any adjustment made to correct 
the MSS /Rawinsonde wind profile data for the time differential would result in decreases 
in the north-south wind component and a reduction of about 300 f t  in the peak wind 
4 speed altitude level. 
Table 6 is the STS-51L systematic uncertainties for the final ascent atmospheric 
data tape and uncertainties due to not having a Jimsphere run. 
and component uncertainties are presented graphically in Appendix C Figures C- 1 , 
C-2 ,  C-3, and C-4 ,  respectively. 









5 2  
O m N  
b o t -  N m N  
m 
m N
O W 0  m w t - m m  N m 
m N M N 
e 4 m t - t - w  
m m N N m  
M O M  
N N N  
0 0 0  
0 0 0  
0 
m w d  0 E- 
0 0 -  E- 




0 0 0  0 0 0 0 0  
0 0 0  0 0 0 0 0  
m w 4 o ) r l  
- W M  t - O W M M  E- m 
v m -  w - w w - r  cr m 
o m 0  
0 0 0  
4 4 4  0 d0 7.4 0 4
0 0 0  0 0 0 0 0  
r l d 4  r l r l r l r l r l  
0 0 0  
0 4 0  
E - 0 4  
0 - 4 4  
N 
















W - m . . - 0 m m m . . w M . 0 42 cy m m . . 4 4 
J 
0 0 0 0 0  0 0 0 0 0 0 
0 0 0 0 0  0 0 0 0 0 0 
m o o ( 0 m  rl w m m 0 N 
m v - Y o v  e Cr o -Y e o 
3 0  
3 0  
. 4 N  
r v  
at- rlf- 3 0 0 0 0 0 0- . . -  . -  " n c n  
o m  
U M  N N  
U N  w w  
+ L O  m m  
- m  m m  
. .  . .  
-id r l N  
m v  w m o  N ( D  ot- t - r l  d o  o w  d c c  
. . 0 ) . . . . . . .  . .  . . . . .  
d w  -4 v m  o w  t - m  m o  00 m w  O U  
r l d  Nd 4.4 drl rlrl r ld 4.4 dr l  N r  
m m  
y ) m v ) U ) v ) w m w w  
m m w w m ~ . w w  . . . . .  o a . .  
m t - m t - m m ~ ~ w  
N r l " . . . r l N  . . . .  O O d . .  
Q 4 ( D t - W d r l d r l r l  
m v )  
o m  
@ a +  
7 - 4 -  






m O  











































































































































0 0 0 0 0 0 0 0  
r l r l r ( d l + d , d  
0 0  
0 0  
0 3  





















































O Q , W N C D N O N  
C D I n - Y C D C D m d C D  
N N N N N N N N  
m m 00 In In (D 
Q, * * * Q, m * m P- N 
0 0 0 0 0 0 0 0 0  
o o o o o o o m  
o d N m * I n ( D ( D  




























































































OR)(31NAL PAGE IS 
=.'POOR QUALITY 
U P  t 
0 0  a 
f t  
IO 0 
t f f  
00 0 + * *  
N Q r -  
+ Q Q  
d d d  
N N" 
O f  t f  
0 0 0 0  
0 f f f s  
0 0 0 0 0  
I 

































n n n  
0 0 0  + + +  
m a p  
t or- 
t n m t  
0 0 0  . . .  
w w  




2 '  
I 
o i  
c 1 ,  
e ,  
U 
W-! 
1 ,  
I i 
' I  
I 
! 
n f f t m m 9 ~ r - m  
r y m n n n n  nnnn 
0 0 0 0 010 0,o 0 0 
I '  ' I  
I 
I 
1 %  





0 0  




0 0  -I* 
0 0  
0 0  
n J  
N N  
0 0  
0 0  
0'0 0 0  010 dio pio 0 '0  010 



















> m c I n  nnn  nnnnnnnnnnnn w n m n  nnn nn w n n n n n n n r ) n  n~)P))P)C))P)nn~ n n M  nn 
I- roo 0 0 0  0.00 0 0 0  000 0 0 0  0 0  0 0 0 0  0 0 0  0 00 0 0  0 0 00 0 0 0 0  0 0  0 00 0 0 0  0 0 0  
u \ * *  * * * + I + *  + * *  * *  * *  * * *  * *  + *  * *  * * *  * * *  * * *  + +  * *  * *  
YI r LO o n r- r( a o u 0. o Q N I- u Y, o t o. = m  n 9 o N. ui e N Y) o n *N I- rn Q t o Q N m 3 Q r( m o a Q N r- .-( 
z 
0 
u ,  






' . i  
8 
I- 9 In u) u ) ' t  
t ! U f f f f  
. I . . . . .  
N' NN N N N 
I t  I 0 1  I I 
I 
c He m m c  ... 
n t f  
N N N  
I l l  
I 
I .  
1 i 
I 
I i i l  
: !  
I 
I I 
n m n n n n n  
00 0 0  0 0  0 + + *  * *  
U l m Q  9 Q W Q  
r - m n ~ o r - m  
c O Q Q Q I - I - ( r  . . . .  . b o t  ':at 
I 
m m n  
0 0 0  * * +  
rnul ul 
m-4 0. 
o * m  
u f a  ... 
L. 
v ~ m n n n  
~ a o o o o  
m n , m  
0 0 0  + * *  
41 4n.n 
or-cn 
9 9 9  
Y ) m m  .. . 
n n n n n  n n  
0 0 0 0  0 0 0  * + * * * * *  
QdUlu?ulv)ul 
r - m m n t ~ o  + V I  
o o o o o , a o  


















w '  
I 
I 
Y ) n m  *Wl-OD 
Q Q Q Q W Q  
N!N N N N N  
( O o m P D P  
Q Q Q Q Q O D  
N.N N N N N 
I 
0 0 0  do0 0 0 0  0 0 0  
(u N N N N N N NiN N N  N 
o o o m o  (E*omooo 00 0 o o o  
N N N  
I 
4 .-I -4 1 N  N" N N w3.m f t rn v) 9 r- I- Q Q 0 
(0 OD Q Q,Q W moo),aC Q 0 @ ffi 4) Q (0 OD (0,Q (D Q 
0 0 0 D O  O I O O  0 t3 0 0 0 0  00 0 0100 0 
* *  
r0,m 
0 0  
-4" 
0 . 0 0  
0.0 0 
! I  
N m m  
0 0 6  
0 0 0  
8 ,  
I l  
i I  
i 
I I  
I j j  
I / '  
i 
O O i O O O  
s r - m o o  
4- e-,- 
I /  
I :  
14 
cFI:';::?-!!!L PACE IS 
OF P F R  QUALITY 
0'0 
0 0  
00 
rnro 
9 9  
d-4 
0 0  
3 0  i 
nmn m n n  q n n  n n m  
0 0 0 0 0 0 0 0 0  0 0 0  
! 
n n  m n  
0 0  0 0  * * * *  
I - r -+9  
-l o r- ,m 
-lo 40 
I-I-I-+ .,. ( .  
n m n  
0 0 0  
m n m  
0 0 0  + * *  
O t l -  
o 9 n  
r(-r( 
+I-+ ....  
m m m n  
0 0 0 0  * * * +  
9 9 9 +  
m r l o r -  
o o o o  
I -+ * *  
.). 
n n n  
0 00 + + +  
Q J N  
r ( 6 C  
+ * +  
OODb 
VIN 0 
Inm m 9 m m  
9 9 9  999  ....... 
I 
I 
n *I n.n n 
0 0 0 0 0  
n nn 
0 0 0  
n n n n n n n n n n n n  
0 0 0 0 0 0 0 0  c o o 0  * + * * * * * * * + * *  
r n O O D 9 f  N J . a S m n 4  
I n n O a S t N o w r n n -  
9 9 9 m m m m * * t t *  
In m ut VI m m m b> m In m rn . . . . . . . . . . . .  
nnn 
0 0 0  
n n n n n n  




0 0  0 * * *  
O Q Q  
r - m n  
4d 4 
rn." m .. 
+ * *  
3 - m  
N O .  I- 
r-9 9 
rnm In ... 
* * *  
o o +  
m n m  
rnmul  ... 
9 m t n C ) N - l  
N O W  9 e  N 
W C I N N N N  











0 0 0 0  oo o o 
NN N'N 
n r  
a .  I I 
t m m  ar- I- m a  o 
at OD m (o OD (DIQQ OD 
0 0 0 0 0 0 , o  0 0 
2$ 
0 0  
I 
o i o o o o a  
00 0,o 0:o 
ODlW 00 O o 0 
I 
N N W W  
e o O o  
0 0 0 0  







+ m o o  
O D D * *  
C(,dr(-l 
3 , o o  0 




0 0  
0 0  




j i j :  
I I  
! I  
I !  
I :  i i  I ;  
I /  
4 o d o d o  
c 0.4 Nn!t 
I- -4-44 
3 O O O Q l O  
u m m m l n r 1  




0 0 0  
0 0 0  
bQ0.  
t P f  
N N N  
0 0 0  
I 
N m t m 9 w 0. o n 90 N m m N m t 9 .................... 
N I N  CUN NN N m m  nn t t t m  m m ' 9 . n  9 
n l  n m n  n n n m n nn n n rn n n n n n rn 




0. w t b 0 . N  . 0 . 1 . .  . 
*I- I-:++ co 
I 
I t  
i 
/ ' I  
i i  
'"?'."" 
0. 0 0,o 0 
n t t l  
I I 1 1 1  I f  
I I 
i i  
.. 
' I  
I I I 
l m n n m  
0 0 0 0 0  
n m  n l m  i l  n m 
0 0  0 OO!O 
nnnn 
0 0  00 * + + +  
EI4" 
W d 0 . r -  
W"44 
4 999 ..... 
m . n  n 
0 0 0  + + +  n,n t 
m n 4  




000 + + +  
m I n m  
0 . - m  
0 00 
4 - 4 9  *. 
m m m m  
0 0 0 0  + * + +  
I n I n r o 9  
n-0.r- 
0 , O P  0 
9 9 m m  
e, 0 ,  . 
+ + + ! +  + ! +  
n m  I-lm r( n 




n n  A n  
a000 
( 3 n n n m n n  n n n n n n n n m n n n  n n n n n n  n n n n n m  
O O O O O O O O O O O O O O O O  d 0 0 0 0 0  000  0 0 0  000 + + + +  + + + * *  * +  + +  + + *  + + +  + + *  + + +  4 + +  + + +  
P ~ I n n r 0 ~ 9 u ~ u 0 I - I n n N o w ~ I n n L ~ ~ a P n L 0 ~ 9  
45 P O  t t m c)m M n N N  N N N  N r( r( d 4 - o o o 00 o o (F 0. 
tt t u  t t f u t t  = a  u o t  sat t d t P = *  t ~ o n n n  ............................... 
N t  Q O N  t 9 UI 0 N f  9 - 4  M 9 UI O W  9 4 t P- O M  9 (F N 
nn n 
0 0 0  
4 ,  
U 7 Q 4  
=I N.4 
0 0.0. 
n n n  
e . .  
n n n  
0 0 0  + + +  
m cON 
0.r -9  
Q C Q O D  




, 1 t- ! 
I t  
, !  
! U I  
4 4 -  
0 1 0 . 0 .  
N N N  
n n a  
00.0 .  
N N N  
t t m I n I n m I n m m t  
00.0.0.090.0.0.0. 
N N N N  N N N N N N  
t a n n  m0.0 0. 
N N N N  





N N  
4, d 
0.0 
N N  
! I  
j j I  
I '  





N M *  7:: 
I 
9 99'99 r- 
o o ai0 o o 
414 d d ol4 
i 
I 
0 4  
4' d 
L d  
i 
0 0 0 0    1  
o N mgt 
t t O ' f  











m n n  nnnnnn n n n n n n  n n n n n n  nnnnnn n n n n n n n n n n n n n n n n n n  n n n n n n  
w P 0 0 0 0 0 0 0 0  0 0 0  0 0 0  000 0 0 0  0 0 0  0 0 0  0 0 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0  0 0 0  0 0 0  
a - a + + + + + + + + + + + + + +  + + e + + + + + + + + + + + + + +  + + + + + + + + + + + +  + + + + e  
3 a u) 0. 8 . 4 9 0 .  c) p.4 u l o 1 W  I - 4 ~ 7  0, t m N 1-4 9 o m  e t  e. t e. 0. t o1 J (L t e. t O m  4 4  N r - n O l  0 9 N a 
w u f N  d O I - r D t n  4 O . Q , 9 m n  - 0 W I - y l J  N 4 O I - . O f n d o w I -  L n t N d O ) Q I I - V I t N 4 O . m 9 m t N - O  
m d m  m m I - I -  r- I-r- p. 9 9  9 9 9  9 9 u ) m m m  l n m  f u f t t f  n n  nnnn N N N N N N N 4 4  44 4 4 4 0  ................................................ w -I n n n n n n n I.7 n n PI n n n n r.3 P) n n n n n n n n PI n n n n n n n n n n n n n n n *I n n n n n n M n 
3 - V I 9  0 Nul I- 0 -9  O.N f I-a N t S 0 ,  d a 9 e . N  m(ID O n  90. N m ( 0  0 Pl  9 0 NUI - 0  WLn OD O n  
+ u  .................................................. 
a -4 N N  N n nn n t t t t  v) m u i  m .oa ro ap. I-+ m m m  CE me. o 0 0  o 4 4 44 N N  N n n m  M t t t J 
0: nn n n n  n n n n n n  nnn n m m n n n  nnn n n  n n n n n n n t u  t J J J  u J J  J t u  J t t  J t t  
W W I  I I  I I 1  I I I I I I I 1  I I I I I I  I I I I I I I I 1  1 . 1  I I I l 1 . I  I 1  I I I I I 1  I I I I I 















n n n  
0 0 0  + * *  
9Nrn 
W f N  
0 0 0  
n n n  .. . 
n n n  n n n  n n n  nnnn n n  
0000oa 0 0 0 0 0 0 0 0 0  * * *  * +  + + +  + * *  + * +  
f O +  n 0 9 N O . m  N D m N o G  
o 0 w I- 9 t n - 0 o I- 9 Ln.WN 
O O ~ ~ ~ * ~ ~ ~ Q Q , X T Q Q Q  
n n N N ~ N i u N h r  NNNNNN . . . . . . . . . . . .  0 . .  
n n n  
0 0 0  + + *  
- 0 0  
Q Q I -  
?? ? 
n n n  n n n n n n n n n n n n  n n n n n  
0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  + + *  + * + + *  * +  + + *  + + +  + *  
r - ~ t n ~ ~ o w e m u n ~ ~  o m ~ - - a t m  
r - I - f - I - + r - 9 . n 9 9 9 9 9 9 m I n I n I n I n I n  
N N N N N N N N C u  N N N N N N N N N N N  
0 . . . . . . . . . . e . . . .  . . . .  
O d g m N J I - 8 N D - f  N O  a D 4 f l W l d D . I -  
n nn 
0 0 0  + + *  
m m d  
Inrnrn 
N N N  
N o m  . .. 
n n ~ n  
I 
, 
I I i 
i 
J d O O  






















, .  i 
J f O f  
010 080 d i d  d'd 








0 0  a 
N n ' f  
n n ' m  




i j  
i~ 
I !  ! i
; i  
I 
I 
0 0 0 0  I 
0 0 0 0  
m 9 I - Q  
n n n n  
n n n n  
o a o o  
f i  , I 
I t  
0 oo/o 
In'* I - l Q  
n,n m n  
0 0 0 0  
N N FJN 
0 0 00 
I "  
I 3 1  
m o o 0 0 1 0  
0.0 0 0 010 
010 r( N ntt 
N m n n m n  
n/n n n dn 
0 0  0 0 010 
01.4 
0 0  






0 0 0  + + +  
o nN 
O m -  
9 u l m  
N Nry ... 
n n n  
O,oo + ' +  + 
N 0 0  
0 0 -  
u l f t  












2 - 9 . .  ............................................... 
w v  0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 . 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
a 90 0. 0 0. 0 0. 0 0 0. o 0. 0. 0 0 0.0 0 0 0  0. 9. 0. 9. 0.0. 0 0 0 0 0 0. 0. 0 0. 0 0. 0 0 0 0. 0 0 0. 0 0  0 -0- 
w I 0 0 0 0. 0 0. u- 0 0. 0. 0 0. 0 0. 00 .0  0 0  0. 0.0 0. 0 0 . 0 0  0.0.0 0. 0 0 0.0 0 0  0 0  0 0 0 0 0 u-0 0. 0.0 
a o  I I I I 1 1 1  I I I I I , I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
W '  I 
0 








7 - d N  f Lne - 0 "  N f U l +  0 N  t Q(D 0 m L n *  QO.  0 d d N  n t  W 9  + W 0 O M  d N n  5 W  Ul Q Q P- (0 0.0. e o  .................................................. 
a 0 0 . 0 0 0  0 . 0 0 0  000 O H d d M N N  N N N N W m  M n W l W l l Q M W M n f f  f I * f J f f f f  J t f  f a  
P W WLI) Ln IA IA LhLnQ 9 9 9  9 9 9 9 Q 9  a 99 9 9 9 9 4 9 Q 9 9 9 9 9 9 9 9 9 .De Q 9 9 a 9 9 a.41 9 r0 9 r O  
w w 1  I I I I I I I I I I I I I I I I I I I I I I I I I 1  I 1  I I I I I I I I I t I I I I 1 1  I I I I I 















v .  
W- 
e w  
u w  















N N  
H N  
* I -  
N N  
N N  * *  




U f  





f f  








M M  
9 9  




t f  
9 9  
N N  
f U  
4 9  
N N  
t m  Ln 
9 9 9  













f f f  
9 9 9  













n m  
he  




1 ,  





0 0 0 0  
0 0 010 
I 
i 
OI0 0  n o  
'jl r-e 
I I 0,o 
01 0 
L n ' 9  :I ," 







I I I 
d o 0 0  b o  
0 0 00 0 
9,Q 9 9 9 P- 
U l l I f f J  
d 0  0 00 0 
1 
010 0 0 0 0 0 0  
0'0 d N 
f f  
0 0  






9 9  
I 
0:o 
c o l i 0  
u l n  
0'0 
0,o 




d N  
r - *  
d w  
OI= 
0 0  
0 0  
d N  
.Fo. 
O f  
0 0  
00 
0.0 





0 0 0  09. 
0.0.9. 00 
0 0 0  &0 
00.9. 00. 
1 1 1 1 I  
! 
1 
> nnn n m n  o m  
t f O O C ) 0 0 C l C I  
n n n n n  
0 0 0  00 
d 4 4 i d  ..... 
n m n  n m n  n n rrn nnn n nn n n n n n n  n n n  n n n  N N N  N N NN N N  N 
0 0 0  0 0 0  0 0  0 0  0 0 0  0 0 0  0 0 0 0 0 0  0 0 0  0 0 0  0 0 00  0 0 0  0 0 0  + + + * +  + + + + +  + + +  + + + + + + + + +  + +  + + + + + +  + + + + + + +  
u an N N M  4 o 0 0  Q (c r- r - 9  9 m m t t n m  NN CI 0 0  m o m  o m OQ CIQ CI -- M - O ~  44-00 o 0 0  o 0 0 0  moo 0 0  Q 0 0  0 0 0  e m  m r - r - ~  a m m  
d H4 d d d  I H -4 d 4.4 4 HCI-4-d r( d Hd 4.4 CI c( uCI 0. 0 .0 .00 .0 .0 .  0.0 0 
Ln 0 f 9) W t -  d 0 3 m  0. f OI c1 Q N IC N + 4 9 4 9 d Q 4 m O  m U3 9 + - 0  4 N Y r- 
...................................... 
Q m m t U l 9 + m G ~ N n f  Y )UN49 .QbcU)U N4-t N N n n t 0 W m Q 9 + +  Q ...................................... 
Q ~ Q 0 9 Q 9 Q Q 9 9 9 9 9 9 9 Q 9 Q Q Q Q 9 Q Q 9 Q Q 9 Q Q 0 1 0 Q Q Q Q ~ ~  
I I I I I I I I I I I I I I I I I , I  I I I I I I I I I I I 1 I I I I I I I I 
( I D Q 0 0 . 0  . . . . .  
9 Q 9 9 -  
9 . 0 9 0 9  







I '  
0 0  
0 0  






m n n w i m  ~ I I I I I I ~ C )  II nnn 
0 00'0 0 0 0 0 0 0 0 0 0 0 0 
i 
B u W Q 5)  - 0  ~n rn.0 OD o -n t .oar- I- I - I - ~ O C U  O D O C  0.0. P P 0 o 00. 0 P O D  Q I -  roe rn =U 0. u $ t a m  u r n  o 
W W I  I I I I l . 1  I 1  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
a n  
C U .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 *I- l- I- I- P- OD OD (0 OD lD 4) OD W Q Q Q m 019) 4) OD OD OD OD OD OC Q Q Q Q OD OD Q (I: Q OD OD OD I- r- 9 9 9 VI UI 0 f 










u '  
c I 
U I  i w -1 
a a r n r n a = t n n w N d - -  o o o  O ~ ~ P Q Q ~ Q U )  = J ~ N ~ O O O D I - I - ~ M U V I ~ N - N ~ U ~ ~ V I ~ I - ~  P 
c( Uc-r- I- c r- I- I-r- I- I- r- c-I- I- I- r-9 9699 9 9  9 99 9 9 9  9 rn ln  UI M M  M Ln rnrnm rn I n V I  M M  VI mmUI M 
I 
I 









0. 0. 0'0. 
Q Q O D O D  
0 0  PO 
I 1  
I /  , ,  
I 
9 Q Y ) f  
00 .0 .Q  










P o PO 
O D O 0 . 0 .  





, I '  
i I  
I !  
! 
0 3 0 0  
- N n a  
M r n r n u l  
0 0 0 0  
o o o a  









010 0 0 0 
I I  
23 
I- ! 
2-1 e e * o * . * .  o o e o e e . . . . * o . * - e a e . o s - * * @ * * o . o * o * o (  - .  . * * * * e 
w u 0 . 0 .  90.0.0.000. - 0 . 0 0 0 .  0.0.00.0.9 0 . 0 . 0 . 0 . 0 0 .  0 0.0. 0.0.0.  0. 0.0 0 . 0 0  0. 00.0. 0.0. 0. 0.0.0.0.0 
0 00.9 0. 0 0 .00  0. 0. 0. 0. 0. 0. 0.0.0 0. 0.0. 0 .0 .0 .0  0.0. 0 0.0 0.0.0. 0. 0 0 0. 0. 0. 0. 0. 0. 0. Q ) m  0. 0. 0. 0.0.0. 
0 eJ0. 0. 0 0. 0. 0. 000 .0 .0 .0 .0  0.0.0.0.  0.0.  0. 0.0 0. a'* 0.0.0.0.  00. 0 0 0.0. 0. 0. 0 .00 .0  0. 00.0.0. 0. 0 0 0. 
w0. 0.0 0. 9 0. o m  0. 0. 9 0. 0 01 0.0.0. 0. 0 .0 .0 .0 .  0 D'0 .0 .  0. 0.0 Q) 0. Q 0. 0.0 0.0.0 0 0 .0 .0 .0 .0 .  0. m 0 . 0  0.0 
a n i  I I I I I I I I I I 1 1 1  I I t I  I , I  I , I  I,I I ~ I  I I I I I I I I I I I I I I I I I!I 1 1 1  I I I,I I 
Id "  
! 
I 
I ! I  
I 
I .  
i 
"N 
0 0 0  + + +  
0 9 N  
o s n  
omOD 
4 4 3  
N N N N  
0 0 0 0  * * * *  
m F l 4 0 .  
n o r - n  
m m o o  
4 4  4 4 
I 
N ! N N  N N N  
Q,O 0 0 0 0 * + * *  * *  
a 0 9  Ul*rnN 
olc a r r m y '  
o n  n n N N  
9$9*..99 . 
0 . .  
I 
NNN 
0 0 0  * + *  
NM.4  
N D  rD 
N . 4 -  
4?4 
N N N N N  
0 0 0  0 0  + + *  * 
44 4 rr N 
n o + * -  
4.4000 
a 9 9 9 9  
0 . .  0 .  
N N N  




m m m  
. e .  
N" 
0 0 0  * + *  
m s m  
m a o n  
O D O D Q  
L n m m  
0 . .  
N NN 
0 0 0  * * *  
0. .4*) 
0 W L n  
m l c  lc 
U )  m . . .  
N N N N  
0 0 0 0  + + * *  
m l c 0 . 4  
N 0 9 0  
I- 9 9 9  
m LnLnw . ... 
. 
W 
3 9 r - m  OD0.Pd-N 4 - 0  0 6 C D  O D r - f i  s w a m  Nrr 6 o D r -  9 m u I  I*) N N.4 M 00 0 0  0. 0.0 O Q a l  
K 99 0 9 9  9 99 9 9 9 9109 
K 
t U . . * . . . . . * . * * . .  ........................... . . . . . . . .  
W W I  I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I 1 I I I I 1 - 1  I I I 
a a  
nl-lIr)*? mP)8 0 P * * U t  ~ F I ~ I o W W ~  * ? W n n  P)M NNN N N  N N N N N  N N N  N N N N  -14 4-I - 4  .4 
99 9 9 9 9 9 4  9 9 9 10 9 9 9 9 9  99 9 9 9 9 Q 9 9  9 9 9  9 99 9 9 9 9 
E -  
W 
c 
N N  
0 0  
N N N N N  N N N N N N  N N N N N N N  
+ + + + + + + + + + + + + + + + + +  
NOD 3 o m  9 f N  O o  P- r- 9 m H I- N (0 
9 d C ~ c o t O S N I - W l m m d Q f 4 r -  
0 0 0 . ~ ~ m ~ + I - 9 9 L n V I V I U f f ~  
aJ- I - I - l - I - l - I - I - I - I - I - r - r - I - I - I - I -  ..................... 
o o o o ~ a o o o a o o o o o u o o  
N N  





N N N  
0 00 + + +  
b 3 - I  
- 3 4  
N N N  
Fl-I- 
.i . . 
+ +  
Q N  
09 
N'  4 
0.o .' . 
N N N  
0 0 0  + + +  
N N N  
0 0 0  + + +  
3 N  0 
m H e  
rnrnu 
f 3 u  ... 
N N N  
000 + + +  
O D I - U l  
9 3 N  
3 *3 
3 3 3  . . .  n 
W 
3 - 4)- a0 I-+ )5 l- I- 9 9 9  9 SLnVILnLnm 3 i r p m  r( 00. Q 9 V I 3  C J d  00. + 9 Ln 0 M - I  00.0.0 0" - I N N  M f-l a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - r( -id r(rtdd 4 4  - 4  r(d ~ ~ - I - I - I H  -id- - rto o o  o o o o  00. e 0. 0 0.0. - a m  0.0, e 0.0 0.9. 
94 9 9 9  .09 9 9 9 9  9 9 9  9 9 9  9 9 9 9 9  9 9 9  9 9 9 9 9 9 9 Ln v) V, Ln L F I Y )  v) Ulv) v).LnLn LFI u1Ln VI LnUl 
W W I  I I I I I I I I I I I 1  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I 






0 .  
k 
I 
r t N N m P )  +*  r- h r -  
N N N N N  
9 9 9 9  
9 9 9 9  
N N N N  
VI V I V I V I  
9 9 9 9  
N(U N N  
0 00 
9 + r -  
N N N  
9 +  
r-I- 
8 N N  
0 . N L n b  
N N N N  
r - m m m  
.r( PI 9 
N I N  N 














W N  
N N  
0 0  
ul99999 
n n n m n m  
0, 00,o 0 0 
I 
I I 
m m+ 9 
N N N N  




L n t  
N N  
0 0  





I I  I 
0 0  
0 0  
*.J. 
9 9  
'0 0 
9 9 99 919 
0 0 0 0 310 










w 0 0 0  0 0 0 0 0 0 .  
0 0 0  0 0 . 0 0 0 0  
w 0 0 0 . 0 . 0 0 . 0 0 0  
w 0 0 0 0 0 . 0 0 0 0  













. .  
0.0 
0 0  
0.0 
0., 0. 







0 . 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 m 0 0 . 0 0 . 0 0 9 0  
0 0 0 0 . e 0 . 0 . 0 0 0 0 . 0  
0 0 . 0 . 0 0 0 0 . 0 0 0 0 0  


























0 0  
0.0 
0 0  
0.0. 
I I  
... 
0 0 0  
0 0 0  
0 . 0 0  
0. 0.0 
~i 1 I 








N N  
0 0  + +  m n  
f w  
U U  
W f -  
.I 
NN 
0 0  * +  





0 0 0  * * *  
w * m  
& Q U I  
00. 0 
- 9 9  








0 0 0 0  * * + *  
N nu 9 
J 0 9 N  
I - + Q *  
9 9 9 9  







0 0  * +  
e 4  
J - l  m m  
9 6  .. 
NN 
0 0  * *  
fQ 
I-* 
u *  
9 9  .. 
N N  
0 0  * +  
0 . N  
4 . 1 0 ,  
u n  












0 0 0  * * *  
U m  m 
U Q m  
WNN 
9 9 9  ... 
NNN 
0 0 0  * * +  
N t n U  
rn o+ 
N N U  







: .  
NN 
0 0  * +  
n n  
Urn d o  
9 9  .. 
N N N  
00 0 + + +  
N N N  
V)N0 
00 0 
9 9 -  
















0 m . 
N 





0 0 0  * * +  
a + m  
QUIN 
++I- 
m m U )  ... 
N NN 
0 0 0  + * *  
9 + a  
0 an 
9 9 9  
m m m  .... 
0 7  
= i  
2 '  




o o o i o o o  
do oom.4 
I '  
i i  




Pi0 0 0 
I 
f N  
-=U 
0 0  
I 
i 





0 0  
&I- m 0 0 w 
qo OlO 0 0  
4 U  4 U (YN 
4.4 
w . 4  





0 0  





m a  90 
' ,  
r l r l . 4 4  
0:o 0 0 
I ! :  
j 1  I 
1 
0 oojo 
0 0 0 0  
n * m , *  
I : ;  
o/o olo 0'0 
0 0 0 0 O/O 
I- :%!% 










N N N  




s m n  
. . .  
N N N  
0 0 0  + + +  
4 9 0  
N o m  
NN-I 
m n n  ... 
N N N N  
o o o a  + + + +  
m o t n o  
t - Q I c 1  
e 4 4  4 
n *in M . . . .  
N N N N N  
0 0 0 0 0  + + + + +  
- C 3 Q - 4 +  
- a O a D b I n  
A d 0  00 
n m m n m  . . . . .  
NN N 
0 0 0  * + +  
Nap1 
3 N  d 
0 00 















0 . e .  . I . *  e e .  e 0 .  
00ID 0 0  0 0 0 0 0  0 0 0  m e 0  em'* 0.0 0 0 0 0  0 0 0 0  m . 0 . 0  
0 0 0 . 0  * 0 0 0  0 0.0 0 0 0 0  0 
P00 **,e 0. 0 0. 0.0. * e  e 0 m  






- * m N N N N N N N N N N N N N N N N N N N N  N N N N N  NNNNNNN N N  N N N N N N  N N N N N N N N N N  
Y \ + + + + +  + + + + e  + + + + + e +  + + +  + + +  + + +  + + + e + +  + + + + + + + + +  + + + * + e  + + +  
Z 9 t H O . ) C f N O 0 3 m n  40.h-u) t N O Q 9 U t  W l  - 0 Q Q U l  P)N 0 - r - u l  n - @ D I - Y ) W  * 0.- Q f N 0 0 .  - v ) fN  
nrnNNNNN.4~44 ~ 0 0 0 0 0 0 0 D 0 0 ~ 0 Q Q Q Q Q ~ ~ ~ P - h I - Q 9 9 9 Q u ) u ) u ) u ) u ) v ) U  f U f f  
c r o o o o o o o o o o o o o o o o o o o o o o  0 0 0 0 0 0 0  o o o o o o o o o o o c o o o o o o  0 0 0  
v ) r , o r - u - ~ r r r ~ o a m  ~ ~ . ~ O O ~ ~ J Q O Q N ~ O V Q  I - - u ~ o * ~  P U U I A W Q ~ ~ - Q - ~ Q ~ N ~ * N ~ )  
PIC) ............. 0 1 .  ...................................... O t t  Of f t u u  f f 0 f t f t  w n n  n nn n n n  n n n  n n n  n M n  c) r.7 n n n n  n M*) M n 
- 
Ul NN NN N NNN N N N NN N N NN IUNN N NN N NN NN N N Nhl N NN N N N N NN N NN N NN N NN 
W K O 0 0 0 0  0 0 0 0 0 0  0 0 0  0 0 0  D O 0  0 0 0 0  0 0  0 0 0 0 0 0  0 0 0 0  0 0  0 0 0 0  0 0 0 0 0  0 0 0  
K U + +  + +  + t + e +  + + + + + + + +  + + +  + + +  + +  + + +  + + + +  + + + +  + + + + + + + +  + + +  + + +  a m e a  t 4 m a n d s ~  * N O W  9 f ~ a w r -  v ) m ~ o e r -  Q ~ W N - O  c n m r - ~ m t m m ~ - - * o  0 0  o. (P- 
v) U N -  O @  + * W O N  4 0  0 Q 9  W t W N  GO. W h Q  I A m N  00 P - 9  t W N  c( OD. ash9 IA *  W N  -0 (0 I-9 
v) A I- I- I- 9 9 9 Q a a Q Q YI -u) tn YI v) v) m v) t a t t t f * n PI n n n n n m  m N N N N N N N N NN 4 - d 
W A N N  N N 2 N N N N  T 2 N N N N  N N N N N N N N N N N N N N N N N N N . ~ \ : ~ ~ ~ N , ( r : ~ ( \ : ~ ~  2222 
K M O .  . . . . . .  ...................... 
a s  - A a 
W- 
a arn 
Z Y g  
o n  
9 9  
0 0  
W I N  
9 9  
00 
0 0  
9uI 
















O N  
9 9  
0 0  
f 9  
Q Q  
0 0  
r-0 
9 9  
0 0  




O m  
( O W  







r - 0  
0 -  
- 4  
Q fit N 
0 0 0 0  
- r ( . - l r (  
0v) 
00. 





















J 0 ,  
a o  
0 0  
r t  
D O  
3 0  
a 
w -  
I '  
j 
i 








NM O m  
N N, N ..('-I 
0 080 0,o 
4 
C
. c  
I C  
. F  
* a  
I C  
I C  J C  
















0 O L 3 C  
0 o d o c  
0 0 - N P  
4 N W I N  0 
Q W'Q (I 











H u 0 0.0 0 0. 0. 0.0.0.  0.0. -0. 0. o 0. o 0. me0. 0. 0. 0. 0.o 0. 0. m o o  o a 0. 0 0 0. * a o m  00. a 0. a o  0. 0. o 
0 0. 0. 0. 0.0. 0.0 0.0. 0. 0. 0.0. 0. 0.0. 0.0.0.e 0.0. a 0. 0.0. a 0.0. 0.0. 0. a 0. 0. 0. 0.0. 0. 0.0. a0.0. 0.0. 0.0 0. 
0. o O. 0.0. e r n  D P  0. o 0.0 o o m  0.0. o e a 0. a 0 o o. o o o 00.6 a 0.0 0. o P o 0.0 0.0 o o 0.o 0. 0. o " 9  0. 0.0.  0.0. m P 00. 0.0 m P  0. P . 3 , o . o . 0 . P  0. 0. 0. 0. 0.0. 0. 0 .0 .0 .0 .  0. 0- 0.0. 0 .0 .0 .  0- 00. 0.0.0. 0. 0.0. 0. 0. 0. 






i I I 
" C Y  
000 + + +  
P0.0 .  
00.a 
-400 
NN N ... 
29 
8 .  
0. 
O I I  * 
0 
I 
0 .  b 
0 0 0  
0 . 0 0  
D D Q  
0.0 0 













0 .  
0 0  
0 0  
0 0  
Po, 
I 1  
.. 
0 0  
0 0  
0 0  
0.0, 













0 .  
0 0  
0 0  
0 0  
0 0  








9 0 0 9  
0.0.00. 
0 0 0 9  
* P O I 0  
I I I I  
0 .  
0 0 .  
0 .0  
0 0  
0 0  
I , I  
.. 
m 0  
0 0  m e  
0 0  
I ,  I 
......... 
0 0 0 . 0 0 0 0 0 0  
P 9 0 P 0 0 P 0 . P  
0 . Q 0 . 0 . 0 . 0 0 0 0  
P 0-0 0 0 0  0 0.0 







N N  
0 0  * *  
E J r -  
9 9  
N N  
c n  
. .  
N*l 
00 
* +  
r -N 
tnt 
' 9 9  
" 
9 .  
"N 
0 00 * * +  
9 o m  
N d C  
* . o m  
(v N N  















0 0  
























N . .  
NN 
0 0  * *  me4 
10 









0 0  * *  
00. 








n pln ... 
NN 
0 0  * *  
























N N  
0 0  + *  
t N  
N N  
N N  
0 .  
oo. 
NN 
00 * *  

















0 0 0 0 0 0 0  NNNNNNN
* * * * + * *  
Q u l V ) t t ) C I P )  
d-l dd-l-ld 
NNNNNNN 
0 . 0 .  - 1 . .  l - a t n a m ~ d  
W 
P 
a - (om N O +  J - ~ W Q P ) O O  w r -  S U I J M N ~ O O  o o o o o o  o o o  0 0 1 ~ 0 0  m QP- 1-99 m l n  t u  N -  - 
~ U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . o . . o . . . .  
a N N  N N N M d  0 0 0  0 0  0 0 . 0 0 0  0. 0 .00  0 0 0  0.0 -9.0. 9 @ 0  W W ( c  aD Q I n  WmaO m - i o  (o CJQ (o QO00 
P u mul u l w l n u l  U l m U l m u l  f t u  f t D  * * a t  u t  O u t  O f t  u t  t t a w  J b o  a 0 0  f J f P  t t  f i r0  
w w 1  I l l  1 I I I 1  I I I I I 1  I 1  I I 1 1  I I I I I I 1  I I I I 1  I I I I l l  I I  I t I 1  I I I I I 
























P - P - w a D 0  
0 0  0 0 0  
0 om0 0,o 
fun 
0 0  
d d  
I 
0 0  




0 0  
I 
0 - l  
N N  
0 0  
0 0  
0 0  
- N  m m  
0 0  
I 
0 ;  0 
d M  
NN 




0 0  
0' 0
n t  *, n 
a1o 
I 
a t  
N N  
0 0  
1 
0 0  
00 
0.0 m a  
00. 
00 
t t  
N N  
0 0  
00 
a o  
n u  
f 0  
01 Q 
0 0  
3 m  
N N  
0 0  
I 
0 0  
00 
In9 




, '  
' !  
l i  
i 
do 0'0 
o * a o  0 
m'9 r a  
-4," PY 
0 . 0 0 0  
O /  O OiO 
0. m ' 0  0,0 01. 0. d 
0 3 0 0 0 010 0 0 
I I ,  
ORGWAL PAGE rs 
OF POOR QUALITY 
I- 
2 -  ........... i . . . . .  ................................ 
u v 0 0  0. 0.0 0.~0 . 0 0.0 0'0. o. 0 0 0  0. a 0. 0 0 9. 0 0  0 0 0. 0 0 0  0. 0. 0. 
0 0.0 0. 00 0 . 0 0  0 -0.  0 0 0 .  00.0. 0 0 0  0. 0 0 . 0  0. 0 0. 0.0 0 . 0 0 . 0  0.0. 0 0 0 .  0 0 . 0  0. 0. 000 .0 .  0 0.0.  
Q (100 0 -0 0.,0.0 0.0.0.0 0 0. 000. 0 0 0  0 0 0 0 0.0 0 0 .000 .  0. 0 0.0 0 0 0  0 0.0 0 0 0 0 . 0 0 0  0 0 
w o o -  0 00 *,e0 0 - 0  0 0. 0. 0.0.0. 0 .0  0 0.0 0. 0 .0.0.  0. 0.0 0.00. 0 0.00.0.0.0.00 0. 0. v. 0 0.0. 0 0. o. 
a 0 1  1 . 1  I I I I I I I  I I I l l  I I 1 1  1 . 1  I I I I I ~ I  I I I I I I I I 1 I l ~ l  I I I I I I I I I I I I I 
0. 0 0 0. 0. 00. 0 0 0.0. 0. o 0 
w -  I 
I 





. . . .  ......................... 
W 
3 - 00.0 (0- t- 9 9  VI m f  n N  N - 0  0 0 0  - 4 n m  r- 9. -l nul+ 0 MFl 9 m 0  N t - N  9 O b  0 e n  u l 0 .  J 
c v  .................................................. 
4 m r - r - r - r - r - r - r - t - t - r - r - r - ~ r - r - r - ~ 9 9 9 V ) f n  NN-  0 0 . r D 4 ) D r - S V ) V ) O  N D U l N Q t N O O J m n  * I  I 
Q 
0 f a  f f a  f b b  0 f - f P  f f  f 1 0  f J  f f u f  b -f f 0 f n  n W W  l-3 W n  W n N  N N d  --I . .  I 1 . 1  I 










9 9 9 9 9 r -  r-I- 
N N Y N N  N NN 
0 0 0 0 0 0 0 0  
- 0 .  
" 
D O  
;If 
n n  
0 0  
rnIN.4 3 
n n n n  




N N N  
0 0 0  
I 
Q a m  * m a t  rd 
N N N N N N N N  
0 0 0  0 0 0 0 0  
' I  
i; 0 I Oodoo 000 
f r- $ W  9 .E Nu7 
0 0 ~ 0 0  0 0  
C2G 0 0 0 0 0  
NN n>n n n t t 
o! oojo 
01 - N1 W 01 00 0 0 0.0'0. 
0 0 0 . 0  
0, 00,o 
I '  
, I  
om Q 0 
0'0 0 0 l I  
0 0 o ; o  
4 4; -l 
I I  I 1  
31 
C 
z r  .................................................. 
n w e 0  0. 0 0  0 0.0 0 0 0  0 0 0  0. 0 0  0. 0 0  0. 0 0 0 0  0 0 00. 00.0. 0. 0 0 0 . 0  0 . 0 0 0 .  00.0. 0 0  0. 00 0 
0 0 0 0  *m o 0. C 0 -0 .  o 010 o o m  o o o o m  0. 0, 0. 0. 0 0.0. o o o  9. o 0 a 0 0.0. p 0 0  - 0 .  0 0,0 0.0 0 a a 0 o  0 0 0 Q o C 0 . * 0 .  O D *  0 0 0  0 0 . 0 . * o 0 . 0 c o 0 0 0 . 0 0 . 0  0.0 0 0 0 0 0 .  0.0.0. 0 0  0 . 0 . 0 . 0 . 0 . 0 .  
W 0 . 0 0 ~ 0 . 0 o o o ~ 0 .  0a.o 0 . o 0 0 o o p 0 . 0 0 0 . 0 0 . o a a a o a 0  0 a 0 . a o 0 a 0 a 0  00a0.o .a  
a n  I I I I I 1 : l  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I 










W I D  
0 0  
n w t  
M n J  
0 0 0  
W O N 3  
9 9 m t  
d r( d i d  
i f  
t a l  
N r t  





0 0 0 0  
0 0 0 0  
N m Q d  
0 00 
0 0 0  
000 - - a  
9 r - b  
NIN N 
' 3  
0 0  
n ; m  n 0 
N , N  N N 
i i  
NiN 
I I !  
CSRGGIKAL PAGE rs 
OF POOR QUALITY 
2 -  . . . . . . . . . . . . . . . . . . . . . . .  .'.. . . . . . .  
mLJooo 0 o o o o o o o o o o o o o m o o o o o o a o o o . o o o o  
0 m a  a a a a a o 0 o . Q o  - 0 . 0  - 0  0 m a  a m o  a m a  rn 0 -  m a  a 
L - n t w w  N ~ n n l n n n  n n m n  m m n  *I t t  t f t  J t t  = t t = t t 
t r o o 0  0 0  0 0 0 0  0 0 0 0 0  0 0 0 0  0 0 0  00 0000 00 0 0 0  
W \ l l  I I I 1 . 1  I I I I 1  I 1  I I 1  I I I I l l  I I 1  I I 1  I 1  I 
v) a. 0 0 0 0 0 Q 00 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 00 0 0 0 
7 . 0  ..... r .... ........ . . . . . . .  . 
m n n n n n n n n n n n n n n  n n r o  t a  t u t  t t t  u t f  if 
w P O  o o o 0 0  o 0 a 0 0  o 0 0  o 00  o o o ooo an o 0 0  o o 0 0  
a r i l  I 1 1 1 1  I I I I  I 1 1  I I I I  1 1  I I I  I I I  I I I  I I I  









0 ,  





1 .  
I 
I 
0 0  
0 0  
0 0  
I I  
! I 
' I  i I !  I I 
0 0  I 0 0  
i 
I 0 , O  0 0  
100 0 0  a m~ o 
0 t t  f 









a m  
n n  
0' 00 
01 uo 
c o o  
t.+ 0 
o/o 0 














E fz w u z 
3 
u 































s a  
5z e 
e r n  Y C  
VY) 













OREINAL PAGE I$ 
































- f -  
N O  
f,. 
C L  
m 
0 - 
W O N  










0 0  
m l c  
o m  








m m  
mcy 
m m  
. .  
O m  
m -  
o m  











m m  
9 9  
























W Q  
v 1 Q  . .  
0 
t 8 s  . .  
N - 6182 . . .  K 8  . .  0 N 0 In 8 t - -r- W N  . .  0, 0 c) 0 Q N n r- m 0 0 O 0 W a 0 Q r- r- Q N - 
OR1GIRAL PAGE 1s 
OF POOR QUALIIY 
TUESDAY, JANUARY 28, 1986 
Surface Synoptic Map at 1200 UT January 28, 1986 - Isobaric, 
Frontal, and Precipitation Patterns are Shown in Standard 
Symbolic Form. 
Figure 1. Surface synoptic chart 4 hr 38 min prior to launch of STS-51L.  
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500 Millibar Height 
Contours at 1200 U T  
January 28, 1986. 
Continuous Lilies Indicate Height Contours in Feet Above Sea Level. 
Dashed Lines are Isotherms In Degrees Centigrade. 
Wind Direction and Speed at the 500 MB Level. 
Arrows Show 
I 46 
Figure 2 .  500 mb map 4 hr  38 min prior to launch of STS-51L. 
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Figure 5. Wind Speed Pad 39B. 







Figure 6. Wind Direction Pad 39B. 
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Figure 10. Daily maximum, minimum temperatures with corresponding maximum, 
minimum relative humidities ; also daily precipitation totals. All data obtained 
from X68  Shuttle Runway site (October 11, 1985 to January 24, 1986). 
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Figure 14.  Scalar wind speed and direction at launch time of STS-51L. 
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APPENDIX A 
FSEC (FLORIDA SOLAR ENERGY CENTER) SOLAR RADIATION 
The data is listed as integrated average half hour values in Watts/square meter 
multiplied by ten. For example, the average insolation from 11: 00 to 12 :  00 a.m. 
Eastern Standard time on 1 February 1979 (day 32) was (3415 + 3663) + 10 = 707.8 
W / m 2 .  Note that the data printed is for the half hour preceding the printed time. 
A11 data was measured with Eppley PSP pyranometers and NIP pyrheliometers, 
and was integrated and recorded with a Konitor Labs model 5130 electronic integrator. 
The data was collected in Cape Canaveral, Florida. 
The columns are labeled as  follows: 
HORIZ Insolation on a horizontal surface. 
TILT Insolation on a tilted surface. Before day 240 of 1977 the tilt was 28.5 
deg, the same as the local latitude. 
according to this table so that the incident angle at solar noon was never 
more than four degrees. 
Since then the tilt was adjusted 
DATES 
3 November through 9 February 
TILT 
48 deg 
10 February through 4 March and 11 October through 
2 November 
5 March through 24  March and 2 1  September through 
10 October 
25 March through 13 April and 31 August through 
20 September 
1 4  April through 7 May and 8 August through 
30 August 
8 May through 7 August 
40 deg 
32 deg 
24  deg 
16 deg 
8 deg 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SHORTWAVE SOLAR IRRADIANCE (INSOLATION) STATISTICS 
1 - These insolation computations were produced by the USAFETAC Shortwave 
Solar Radiation Estimating Model (SWSLR). This model is based on the subroutine 
INSOL of the Infrared Tactical Decision Aid, reference A i r  Force Geophysics Labora- 
tory Technical Report AFGL /TR /82- 0274. It accounts for elevation, latitude, time of 
day and year, current weather conditions, and an appropriate albedo for the location. 
a .  The concrete envirorment at this location dictates an albedo of 0.30. 
b. The current weather is read from the USAFETAC historical surface 
weather database by the SWSLR program, which checks the data for correct format 
and rejects unusable data. 
rejected. 
Less than two percent of data for this location was 
c.  The SWSLR model does not consider any influences on solar irradiance 
attributable to the spacecraft in its pre-launch configuration. 
d .  The SWSLR model does not consider thermal radiation from the atmos- 
phere (sky radiation), since it is negligible in comparison to the solar component in 
the range from 0 . 3  to 2.5 microns. 
2. Model output for each shuttle mission includes daily shortwave solar irra- 
diance for 0000 GMT, 0600 GMT, 1200 GMT,  1800 GMT. Units for the shortware solar 
irradiance statistics are Wm-2. 
No shortwave solar irradiance is present at 0600 GMT,  very limited shortwave solar 
irradiance occurs at 0000 GMT and 1200 GMT (late evening and early morning) and 
the greatest amount occurs at 1800 GMT. 
solar noon which for the Kennedy Space Center is 1800 GMT. The mean irradiance 
for each shuttle mission is given by hour below the tabulation of the daily irradiances. 
To  convert to Btu ft-2 h - l ,  multiply by 0.317. 
The maximum solar irradiance occurs at 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS- 1 0 02 06Z 122 
80 DEC 29 
80 DEC 30 
80 DEC 31 
8 1  JAN 1 
8 1  JAN 2 
8 1  JAN 3 
81 JAN 4 
81 JAN 5 
81 JAN 6 
81 JAN 7 
81 JAN 8 
81 JAN 9 
8 1  JAN 10 
8 1  JAN 11 
8 1  JAN 1 2  
8 1  JAN 13 
8 1  JAN 1 4  
81  JAN 15 
8 1  JAN 16 
8 1  JAN 17 
8 1  JAN 18 
81  JAN 19 
81 JAN 20 
8 1  JAN 2 1  
81 JAN 22 
81 JAN 23 
8 1  JAN 24 
8 1  JAN 25 
8 1  JAN 26 
81 JAN 27 
81 JAN 28 
8 1  JAN 29 
81 JAN 30 
8 1  JAN 31 
8 1  FEB 1 
8 1  FEB 2 
8 1  FEB 3 
81 FEB 4 
81 FEB 5 
8 1  FEB 6 
8 1  FEB 7 
8 1  FEB 8 
8 1  FEB 9 
8 1  FEB 10 
8 1  FEB 11 
8 1  FEB 1 2  
81  FEB 1 3  
8 1  FEB 1 4  
8 1  FEB 15  
81 FEB 16 














































































































































































































81 FEB 18 
8 1  FEB 19  
81  FEB 20 
8 1  FEB 2 1  
8 1  FEB 22 
8 1  FEB 23 
8 1  FEB 24 
8 1  FEB 25 
81  FEB 26 
81  FEB 27 
8 1  FEB 28 
81  MAR 1 
8 1  MAR 2 
81  MAR 3 
81 MAR 4 
81  MAR 5 
81 MAR 6 
81  MAR 7 
81 MAR 8 
8 1  MAR 9 
81  MAR 10 
81 MAR 11 
8 1  MAR 1 2  
8 1  MAR 13  
8 1  MAR 1 4  
81 MAR 15 
8 1  MAR 16 
8 1  MAR 17 
8 1  MAR 18 
81 MAR 1 9  
8 1  MAR 20 
8 1  MAR 2 1  
8 1  MAR 22 
8 1  MAR 23 
81  MAR 24 
81  MAR 25 
81  MAR 26 
81  MAR 27 
8 1  MAR 28 
8 1  MAR 29 
81  MAR 30 
8 1  MAR 31 
8 1  APR 1 
8 1  APR 2 
8 1  APR 3 
8 1  APR 4 
8 1  APR 5 
81  APR 6 
8 1  APR 7 
8 1  APR 8 
81  APR 9 
81  APR 10 
8 1  APR 11 
8 1  APR 1 2  


























































































































































































































122: 27.0 182: 700.8 
83 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
I MISSION STS-2 ooz 06Z 122 
8 1  AUG 31 
81  SEP 1 
81 SEP 2 
81  SEP 3 
8 1  SEP 4 
81 SEP 5 
8 1  SEP 6 
8 1  SEP 7 
81  SEP 8 
8 1  SEP 9 
81  SEP 10 
8 1  SEP 11 
81 SEP 12  
8 1  SEP 1 3  
81  SEP 14 
81  SEP 1 5  
81  SEP 16 
8 1  SEP 17  
81  SEP 18 
81  SEP 1 9  
81 SEP 20 
81 SEP 2 1  
8 1  SEP 2 2  
8 1  SEP 23 
81 SEP 24 
81  SEP 25 
8 1  SEP 26 
8 1  SEP 27 
8 1  SEP 28  
8 1  SEP 29 
8 1  SEP 30 
81 OCT 1 
8 1  OCT 2 
8 1  OCT 3 
81  OCT 4 
81 OCT 5 
81 OCT 6 
81 OCT 7 
81  OCT 8 
81 OCT 9 
8 1  OCT 10 
8 1  OCT 11 
81 OCT 1 2  
8 1  OCT 1 3  
8 1  OCT 1 4  
8 1  OCT 1 5  
81  OCT 16 
8 1  OCT 17  
81  OCT 18 
81  OCT 19  















































































































































































































81 OCT 2 1  
81 OCT 22 
81 OCT 23 
81 OCT 24 
81  OCT 25 
81  OCT 26 
81 OCT 27 
81  OCT 28 
81  OCT 29 
81 O C T  30 
81 OCT 31 
81 NOV 1 
8 1  NOV 2 
81 NOV 3 
81 NOV 4 
81 NOV 5 
81 NOV 6 
81 NOV 7 
81 NOV 8 
81 NOV 9 
8 1  NOV 10 
81 NOV 11 
81 NOV 12 






























































































127: 78.0 182: 769.6 
85 
SOLAR IRRANDIANCE UNITS ARE IN WATTS /METER**2 
MISSION STS- 3 ooz 06Z 122 182 
82 FEB 1 6  
82 FEB 1 7  
82 FEB 18 
82 FEB 1 9  
82 FEB 20 
82 FEB 2 1  
82 FEB 22 
82 FEB 23 
82 FEB 24 
82 FEB 25 
82  FEB 26 
82 FEB 27 
82 FEB 28 
82  MAR 1 
82  MAR 2 
82 MAR 3 
82 MAR 4 
82 MAR 5 
82 MAR 6 
82 MAR 7 
82 MAR 8 
82 MAR 9 
82 MAR 1 0  
82 MAR 11 
82 MAR 1 2  
82 MAR 13  
82 MAR 1 4  
82 MAR 15 
82 MAR 16 
82 MAR 17 
82 MAR 18  
82 MAR 1 9  
81 MAR 20 
82 MAR 2 1  















































































4 . 1  





10 .8  
17.7 






















































MISSION SUMMARY FOR STS-3 
MEAN SOLAR IRRADIANCE BY HOUR O O Z :  0.0 06Z: 0.0 122: 23.2 182: 778.7 
I 86 
1 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-4 002 062 122 182 
82 MAY 26 
82 MAY 27 
82 MAY 28 
82 MAY 29 
82 MAY 30 
82 MAY 31 
82 J U N  1 
82 J U N  2 
82 J U N  3 
82 J U N  4 
82 J U N  5 
82 J U N  6 
82  J U N  7 
82 J U N  8 
82 J U N  9 
82 J U N  10 
82 J U N  11 
82 J U N  1 2  
82 J U N  13  
82 J U N  1 4  
82 JUN 15 
82 J U N  16 
82 J U N  17 
82 J U N  18 
82 J U N  19  
82 J U N  20 
82 J U N  2 1  
82 J U N  23 
82 J U N  24 
82 J U N  25 
82 J U N  26 
82 J U N  27 

































































































































MEAN SOLAR IRRADIANCE BY HOUR OOZ: 18.9 06Z: 0.0 122: 213.3 182: 856.7 
87 
I SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
I MISSION STS-5 ooz 06Z 122 182 
82 OCT 21 0.0 0.0 
82 OCT 22 0.0 0.0 
82 OCT 23 0.0 0.0 
82 OCT 24 0.0 0.0 
82 OCT 25 0.0 0.0 
82 OCT 26 0.0 0.0 
82 OCT 27 0.0 0.0 
82 OCT 28 0.0 0.0 
82 OCT 29 0.0 0.0 
82 OCT 30 0.0 0.0 
82 OCT 31 0.0 0.0 
82 NOV 1 0.0 0.0 
82 NOV 2 0.0 0.0 
82 NOV 3 0.0 0.0 
82 NOV 4 0.0 0.0 
82 NOV 5 0.0 0.0 
82 NOV 6 0.0 0.0 
82 NOV 7 0.0 0.0 
82 NOV 8 0.0 0.0 
82 NOV 9 0.0 0.0 
82 NOV 1 0  0.0 0.0 
82 NOV 11 0.0 0.0 
MISSION SUMMARY FOR S T S - 5  















































122: 38.3 182:  613.3 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-6 ooz 06Z 122 
82 NOV 30 
82 DEC 1 
82 DEC 2 
82 DEC 3 
82  DEC 4 
82 DEC 5 
82 DEC 6 
82 DEC 7 
82 DEC 8 
82 DEC 9 
82 DEC 10 
82 DEC 11 
82 DEC 1 2  
82 DEC 13  
82 DEC 14 
82 DEC 15 
82 DEC 16 
82 DEC 17 
82 DEC 18  
82 DEC 19 
82 DEC 20 
82 DEC 2 1  
82 DEC 22 
82 DEC 23 
82 DEC 24 
82 DEC 25 
82 DEC 26 
82 DEC 27 
82 DEC 28 
82 DEC 29 
82 DEC 30 
82 DEC 31 
8 3  JAN 1 
8 3  JAN 2 
83  JAN 3 
83  JAN 4 
83 J A N  5 
83  JAN 6 
8 3  JAN 7 
8 3  JAN 8 
83  JAN 9 
8 3  JAN 10 
83  JAN 11 
8 3  JAN 12 
8 3  JAN 13  
8 3  JAN 14 
83  JAN 15 
83  JAN 16 
83 JAN 17 
83  JAN 18 















































































































































































































83 JAN 20 
83 JAN 2 1  
83 JAN 22 
83 JAN 23 
82 JAN 24 
83 JAN 25 
83 JAN 26 
83 JAN 27 
83 JAN 28 
83 JAN 29 
83 JAN 30 
83 JAN 31 
83 FEB 1 
83 FEB 2 
83 FEB 3 
83 FEB 4 
83 FEB 5 
83 FEB 6 
83 FEB 7 
83 FEB 8 
83 FEB 9 
83 FEB 10 
83 FEB 11 
83 FEB 1 2  
83 FEB 1 3  
83 FEB 1 4  
83 FEB 15 
83 FEB 16 
83 FEB 1 7  
83 FEB 18 
83 FEB 1 9  
83 FEB 20 
83 FEB 2 1  
83 FEB 22 
83 FEB 23 
83 FEB 24 
82 FEB 25 
83 FEB 26 
83 FEB 27 
83 FEB 28 
83 MAR 1 
83 MAR 2 
83 MAR 3 
83 MAR 4 
83 MAR 5 
83 MAR 6 
83 MAR 7 
83 MAR 8 
83 MAR 9 
83 MAR 10 
83 MAR 11 
83 MAR 1 2  
83 MAR 1 3  
83 MAR 1 4  
















































































































































0 .1  
1 . 4  
3.0 










































































83 MAR 16 
83  MAR 17 
8 3  MAR 18  
83  MAR 19 
83  MAR 20 
83  MAR 2 1  
83 MAR 22 
8 3  MAR 23 
83  MAR 24 
83 MAR 25 
83 MAR 26 
83  MAR 27 
83  MAR 28 
83 MAR 29 
83  MAR 30 
8 3  APR 1 
83 APR 2 
83  APR 3 
83  APR 4 
MISSION SUMMARY FOR STS-6  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  







































MEAN SOLAR IRRADIANCE BY HOUR O O Z :  0.0 06Z; 0.0 122: 15.4 182: 611.5 
9 1  
SOLAR IRRADIANCE UNITS ARE I N  WATTS/NIETER**2 
I MISSION STS- 7 ooz 06Z 122  182 
83 MAY 26 
83  MAY 27 
83  MAY 28 
83  MAY 29 
8 3  MAY 30 
83  MAY 31 
83 J U N  1 
83 J U N  2 
83 J U N  3 
8 3  J U N  4 
83  J U N  5 
83 J U N  6 
83 J U N  7 
83 J U N  8 
83 J U N  9 
83 J U N  10 
83 J U N  11 
83 J U N  1 2  
82 J U N  1 3  
83 J U N  1 4  
83 J U N  15  
83 J U N  16 
8 3  J U N  17 









































































MISSION SUMMARY FOR STS-7  




























SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-8 002 062 122 182 
83 AUG 2 
83  AUG 3 
83  AUG 4 
83  AUG 5 
83 AUG 6 
83 AUG 7 
83 AUG 8 
83  AUG 9 
83  AUG 10 
83 AUG 11 
8 3  AUG 1 2  
8 3  AUG 13  
83  AUG 1 4  
83  AUG 15 
83 AUG 16 
83  AUG 17 
8 3  AUG 18  
83  AUG 19 
83  AUG 20 
83 AUG 2 1  
83  AUG 22 
8 3  AUG 24 
8 3  AUG 25 
83 AUG 26 
8 3  AUG 27 
83 AUG 28 
82 A,T,Tc: 29 











0 .5  





































































































MISSION SUMMARY FOR STS-8 
MEAN SOLAR IRRADIANCE BY HOUR 002: 3 .1  06Z: 0.0 122: 154.7 182: 819.4 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS- 9 ooz 06Z 122 182 
83 NOV 11 0.0 0.0 11.7 712.3 
83 NOV 12 0.0 0.0 25.3 723.9 
83 NOV 13 0.0 0.0 28.7 749.4 
83 NOV 14 0.0 0.0 26.6 745.7 
83 NOV 15 0.0 0.0 16.7 711.2 
83 NOV 16 0.0 0.0 19.5 738.5 
83 NOV 17 0.0 0.0 20.4 735.0 
83 NOV 18 0.0 0.0 17.8 729.9 
643.8 83 NOV 19 0.0 0.0 8.6 
270.1 83 NOV 20 0.0 0.0 6.1 
83 NOV 21 0.0 0.0 8.5 662.3 
83 NOV 22 0.0 0.0 7.0 659.1 
83 NOV 23 0.0 0.0 5.8 654.7 
83 NOV 24 0.0 0.0 5.7 618.2 
83 NOV 25 0.0 0.0 4.0 708.2 
83 NOV 26 0.0 0.0 2.7 622.8 
83 NOV 27 0.0 0.0 1.4 584.4 
83 NOV 28 0.0 0.0 0.0 507.9 
MISSION SUMMARY FOR STS-9 
MEAN SOLAR IRRADIANCE BY HOUR OOZ: 0.0 06Z: 0.0 122: 11.4 18Z: 633.8 
i 94 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS- 41B ooz 06Z 122 1 8 Z  
84 JAN 1 2  
84 JAN 13  
84 JAN 14 
84 JAN 15 
84 JAN 16 
84 JAN 17 
84 JAN 18 
84 JAN 19 
84 JAN 20 
84 JAN 2 1  
84 JAN 22 
84 JAN 23  
84 JAN 24 
84 JAN 25 
84 JAN 26 
84 JAN 27 
84 JAN 28 
84 JAN 29 
84 JAN 30 
84 JAN 31 
84 FEB 1 
84 FEB 2 
84 FEB 3 





























































































M E A N  SOTJAR IRRADIANCE BY HOUR O O Z :  0.0 06Z: 0.0 122: 0.0 182:  541.9 
95 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS- 41C ooz 06Z 122 182 
84 MAR 1 9  
84 MAR 20 
84 MAR 21 
84 MAR 22 
84 MAR 23 
84 MAR 24 
84 MAR 25 
84 MAR 26 
84 MAR 27 
84 MAR 28 
84 MAR 29 
84 MAR 30 
84 MAR 31 
84 APR 1 
84 APR 2 
84 APR 3 
84 APR 4 
84 APR 5 
84 APR 6 













































































MEAN SOLAR IRRADIANCE BY HOUR O O Z :  0.0 062: 0.0 122: 90.6 182:  868.1 
96 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION S T S -  41D 
84 MAY 1 
84 MAY 2 
84 MAY 3 
84 MAY 4 
84 MAY 5 
84 MAY 6 
84 MAY 7 
84 MAY 8 
84 MAY 9 
84 MAY 10 
84 MAY 11 
84 MAY 12 
84 MAY 13 
84 MAY 14 
84 MAY 15 
84 MAY 16 
84 MAY 17 
84 MAY 18 
84 MAY 19 
84 MAY 20 
84 MAY 2 1  
84 MAY 22 
84 MAY 23 
84 MAY 24 
84 MAY 25 
84 MAY 26 
84 MAY 27 
84 MAY 29 
84 MAY 30 
84 MAY 31 
84 JUN 1 
84 JUN 2 
84 JUN 3 
84 JUN 4 
84 JUN 5 
84 JUN 6 
84 JUN 7 
84 JUN 8 
84 JUN 9 
84 JUN 10 
84 JUN 11 
84 JUN 1 2  
84 JUN 13 
84 JUN 14 
84 JUN 1 5  
84 JUN 16 
84 JUN 17 
84 JUN 18 
84 JUN 19  
84 JUN 20 


















































































































































































































84 JUN 21 
84 JUN 22 
84 JUN 23 
84 JUN 24 
84 JUN 25 
84 JUN 26 
2 7 . 6  0 . 0  252 .4  1004 .2  
3 1 . 1  0 .0  147 .5  468 .7  
2 4 . 9  0 . 0  171 .7  649 .9  
2 1 . 1  0 .0  210 .0  1013.7 
3 5 . 2  0 . 0  180 .3  649 .9  
6 . 4  0 .0  206.6 1013.7  
MISSION SUMMARY FOR STS-41D 
MEAN SOLAR IRRADIANCE BY HOUR OOZ: 14 .0  06Z: 0 . 0  122:  216 .7  182:  867 .1  
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-41DD ooz 06Z 122 
84 AUG 8 
84 AUG 9 
84 AUG 10  
84  AUG 11 
84 AUG 12 
84 AUG 1 3  
84 AUG 14 
84 AUG 15 
84 AUG 16 
84 AUG 17 
84 AUG 18 
84 AUG 19 
84 AUG 20 
84 AUG 2 1  
84 AUG 22 
84 AUG 2 3  
84 AUG 24 
84 AUG 25 
84 AUG 26 
84 AUG 27 
84 AUG 28 
84 AUG 29 































































































MEAN SOLAR IRRADIANCE BY HOUR 002: 1.1 06Z: 0.0 122: 159.0 182:  865.2 
99 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-41G 002 062 122 182 
84 SEP 13  
84 SEP 14 
84 SEP 15  
84 SEP 16 
84  SEP 17 
84 SEP 18 
84 SEP 19 
84 SEP 20 
84 SEP 21 
84 SEP 22 
84 SEP 23 
84 SEP 24 
84 SEP 25 
84 SEP 26 
84 SEP 27 
84 SEP 28 
84 SEP 29 
84 SEP 30 
84 OCT 1 
84 OCT 2 
84 OCT 3 
84 OCT 4 





























































































MISSION SUMMARY FOR STS-41G 
MEAN SOLAR IRRADIANCE BY HOUR 002: 0.0 062: 0.0 122: 97.1 182: 776.4 
100 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-51A 002 062 122 182 
84 OCT 23 
84 OCT 24 
84 OCT 25 
84 OCT 26 
84 O C T  27 
84 OCT 28 
84 OCT 29 
84 OCT 30 
84 OCT 31 
84 NOV 1 
84 NOV 2 
84 NOV 3 
84 NOV 4 
84 NOV 5 
84 NOV 6 
84  NOV 7 





































































MISSION SUMMARY FOR STS-51A 
MEAN SOLAR IRRADIANCE B Y  HOUR 002: 0.0 062: 0.0 122:  37.1 182: 633.6 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-51C ooz 06Z 122 182 
85 JAN 5 
85 JAN 6 
85 JAN 7 
85 JAN 8 
84 JAN 9 
84 JAN 10 
85 JAN 11 
85 JAN 1 2  
85 JAN 13 
85 JAN 1 4  
85 JAN 15 
85 JAN 16 
85 JAN 1 7  
85 JAN 18 
85 JAN 19 
85 JAN 20 
85 JAN 21  
85 JAN 22 
85 JAN 23 













0 .0  
0.0 
0 . 0  
0.0 
















0 . 0  
0.0 











0 . 0  
0.0 
0.0 




0 . 0  
0.0 
0.0 

























MISSION SUMMARY FOR STS-51C 
MEAN SOLAR IRRADIANCE BY HOUR OOZ:  0.0 06Z: 0.0 122:  0.0 182:  638.7 
10 2 
SOLAR IRRADIANCE UNITS ARE I N  WATTS/METER**2 
MISSION STS- 51D ooz 062 122  182 
85 FEB 15  
85 FEB 16 
85 FEB 17  
85 FEB 18  
85 FEB 19 
85 FEB 20 
85 FEB 21 
85 FEB 22 
85 FEB 23 
85 FEB 24 
85 FEB 25 
85 FEB 26 
85 FEB 27 
85 FEB 28 
85 MAR 1 
85 MAR 2 
85 MAR 3 
85 MAR 4 
85 MAR 5 













































































MEAN SOLAR IRRADIANCE BY HOUR 002: 0.0 06Z: 0.0 122: 6.4 182: 752.1 
10 3 
SOLAR IRRADIANCE UNITS ARE IN WATTSIMETER**2 
MISSION STS-51B ooz 06Z 122 182 
85 APR 1 5  
85 APR 16 
85 APR 17  
85 APR 1 8  
85 APR 1 9  
85 APR 20 
85 APR 21 
85 APR 22 
85 APR 23 
85 APR 24 
85 APR 25 
85 APR 26 
85 APR 27 
84 APR 28 
85 APR 29 





























































MEAN SOLAR IRRADIANCE BY HOUR O O Z :  0.0 06Z: 0.0 122: 166.4 182:  927.2 
104 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS- 51DD ooz 06Z 122  182 
85 MAR 26 
85 MAR 27 
85 MAR 28 
85 MAR 29 
85 MAR 30 
85 MAR 31 
85 APR 1 
85 APR 2 
85 APR 3 
85 APR 4 
85 APR 5 
85 APR 6 
85 APR 7 
85 APR 8 
85 APR 9 
85 APR 10 
85 APR 11 



















0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 .0  
0 . 0  
0 . 0  
0 . 0  





































MISSION SUMMARY FOR STS-51DD 
MEAN SOLAR IRRADIANCE BY HOUR OOZ: 0 . 0  06Z: 0.0 122: 96.3 182: 817.8 
105 
I SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-51G ooz 
85 JUN 4 
85 J U N  5 
85 JUN 6 
85 J U N  7 
85 J U N  8 
85 J U N  9 
85  J U N  10 
85 JUN 11 
85 J U N  12  
85 JUN 13 
85  J U N  14  
85 JUN 15 
85 J U N  16  




























































MISSION SUMMARY FOR STS-51G 
06Z: 0.0 122: 199.8 182:  825.3 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**Z 
MISSION STS-51F ooz 
85 J U N  29 
85 J U N  30 
85 JUL 1 
85 JUL 2 
85 JUL 3 
85 JUL 4 
85 JUL 5 
85 JUL 6 
85 JUL 7 
85 JUL 8 
85 JUL 9 
85 JUL 10 
85 JUL 11 
85  JUL 1 2  
85 JUL 13  
85 JUL 14 
85 JUL 15  
85 JUL 16 
85 JUL 17 
85 JUL 18 
85 JUL 19  
85 JUL 20 
85 JUL 2 1  
85 JUL 22 
85 JUL 23 
85 JUL 24 
85 JUL 25 
85 JUL 26 
85 JUL 27 
85 JUL 28 
































































































































?IISSTON SUMMARY FOR STS-51F 
MEAN SOLAR IRRADIANCE BY HOUR 002: 23.5 062: 0.0 122: 189.2 182: 877.6 
107 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS- 511 002 062 122 182 
85 AUG 6 
85 AUG 7 
85  AUG 8 
85 AUG 9 
85  AUG 10 
85  AUG 11 
85 AUG 1 2  
85 AUG 13 
85  AUG 1 4  
85 AUG 15 
85 AUG 16 
85 AUG 17 
85 AUG 18 
85 AUG 19 
85  AUG 20 
85  AUG 21 
85 AUG 22 
85 AUG 22 
85 AUG 23 
85 AUG 24 
85 AUG 25 
85 AUG 26 
85 AUG 27 
10.0 
8.0 
1 .3  
6.3 
4.6 
2 .2  
3.0 
1 .2  




















































































MISSION SUMMARY FOR STS-511 
MEAN SOLAR IRRADIANCE BY HOUR 002: 1.7  062: 0.0 122: 142.1 182:  824.3 
SOLAR IRRADIANCE UNITS ARE I N  WATTS/METER**2 
MISSION STS-51J 
85 AUG 29 
85 AUG 30 
85  AUG 31 
85 SEP 1 
85 SEP 2 
85 SEP 3 
85 SEP 4 
85 SEP 5 
85 SEP 6 
85  SEP 7 
85 SEP 8 
85 SEP 9 
85 SEP 10  
85 SEP 11 
85 SEP 1 2  
85 SEP 1 3  
85  SEP 14 
85 SEP 15  
85 SEP 16 
85 SEP 17 
85 SEP 18 
85  SEP 1 9  
85  SEP 20 
85 SEP 2 1  
85 SEP 22 
85 SEP 23 
85 SEP 24 
85 SEP 25 
85 SEP 26 
85 SEP 27 
85 SEP 28 
85 SEP 29 
85 SEP 30 
85 OCT 1 
85 OCT 2 




















0 . 0  
0.0 
0 . 0  
0 . 0  
0.0 
0 . 0  




0 . 0  
0.0 
0.0 
0 . 0  
0 .0  































0 . 0  


















































































MISSION SUMMARY FOR STS-51J 
MEAN SOLAR IRRADIANCE BY HOUR O O Z :  0.0 06Z: 0.0 122: 97.3 182:  771.1 
SOLAR IRRADIANCE UNITS ARE IN WATTS /METER**2 
MISSION STS-61A 002 062 122 182 
85 OCT 16 
85 OCT 17  
85 OCT 18 
85 OCT 1 9  
85 OCT 20 
85 OCT 2 1  
85 OCT 22 
85 OCT 23 
85 OCT 24 
85 OCT 25 
85 OCT 26 
85 OCT 27 
85  OCT 28 
85 OCT 29 














































MISSION SUMMARY FOR STS-61A 

















182:  711.1 
SOLAR IRRADIANCE UNITS ARE IN WATTS/METER**2 
MISSION STS-61B ooz 06Z 122 182 
85 NOV 12 
85 NOV 1 3  
85 NOV 1 4  
85 NOV 15 
85 NOV 16 
85 NOV 17 
85 NOV 18 
85 NOV 19 
85 NOV 20 
85 NOV 2 1  
85 NOV 22 
85 NOV 23 
85 NOV 24 
85 NOV 25 
85 NOV 26 
85 NOV 27 







































15 .1  
9 .1  
6.9 
1 .4  
7.6 
3.0 
5 .7  



















MEAN SOLAR IRRADIANCE BY HOUR 002: 0.0 062: 0.0 122:  10.3 182: 613.7 
111 
SOLAR IRRADIANCE UNITS ARE IN WATTS/N;ETER**2 
MISSION STS-61C ooz 
85 DEC 1 
85 DEC 2 
85  DEC 3 
85 DEC 4 
85 DEC 5 
85  DEC 6 
85 DEC 7 
85  DEC 8 
85 DEC 9 
85 DEC 10 
85  DEC 11 
85 DEC 1 2  
85 DEC 13 
85  DEC 1 4  
85  DEC 15 
85 DEC 16 
85  DEC 17 
85 DEC 18 
85  DEC 19 
85 DEC 20 
85 DEC 21 
85 DEC 22 
85 DEC 23 
85 DEC 24 
85 DEC 25 
85  DEC 26 
85 DEC 27 
85 DEC 28 
85 DEC 29 
85  DEC 30 
85 DEC 31 
86 JAN 1 
86 JAN 2 
86 JAN 3 
86 JAN 4 
86 JAN 5 
86 JAN 6 
86 JAN 7 
86 JAN 8 
86 JAN 9 
86 JAN 10 
86 JAN 11 
















































































































































































MISSION SUMMARY FOR STS-61C 
MEAN SOLAR IRRADIANCE BY HOUR 002: 0.0 06Z: 0.0 122:  0.0 182: 516.3 
1 1 2  
~ 
SOLAR IRRADIANCE UNITS ARE I N  WATTS/METER**2 
MISSION STS-  51L ooz 06Z 122 182 
85 DEC 22 
85 DEC 23 
85 DEC 24 
85 DEC 25 
85 DEC 26 
85 DEC 27 
85 DEC 28 
85 DEC 29 
85 DEC 30 
85 DEC 31 
86 JAN 1 
86 JAN 2 
86 JAN 3 
86 JAN 4 
86 JAN 5 
86 JAN 6 
86 JAN 7 
86 JAN 8 
86 JAN 9 
86 JAN 10 
86 JAN 11 
86 JAN 1 2  
86 JAN 13  
86 JAN 14 
86 JAN 15 
86 JAN 16 
86 JAN 17 
86 JAN 18 
86 JAN 1 9  
86 JAN 20 
86 JAN 2 1  
86 JAN 22 
86 JAN 23 
86 JAN 24 
86 JAN 25 
86 JAN 26 
86 JAN 27 
86 JAN 28 




















































































0 . 0  




































































MEAN SOLAR IRRADIANCE BY HOUR 002: 0.0 06Z: 0.0 122: 0.0 182: 559.3 
113 
APPENDIX C 
PLOTS: WIND SPEED, WIND DIRECTION, WIND COMPONENT SPEEDS WITH 
PLUS AND MINUS THREE SIGMA (STANDARD DEVIATION) UNCERTAINTIES 
. 
7 0 90 110 130 150 170 
SPEED (FPS) 
Figure C-1. Total wind speed (FPS). 
260 280 300 
WIND DIRECTION (DEGREES) 
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- - - - - - - - - 
- - - . - - - - 
- - - - - - - - - - - 
0 20 40 60 -20 
SPEED (FPS) 
Figure C-4.  Meridional ( V )  wind component. 
I 11* 
APPROVAL 
ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS- 51L) LAUNCH 
By G . Jasper, D . L .  Johnson, M . Alexander, 
G . H . Fichtl, and G . W .  Batts 
The information in this report has been reviewed for technical content. 
of any information concerning Department of Defense or nuclear energy activities or 
programs has been made by the MSFC Security Classification Officer. This report, 
in its entirety, has been determined to be unclassified. 
Review 
A k M i M  
G .  F .  McDONOUGH 
Director,  Structures and Dynamics Laboratory 
*U.S. GOVERNMENT PRINTING OFFICE 1987-730-067/40056' 119 
